Ninety elderly (>65 y) patients were studied to assess the influence of patient position during induction of spinal anaesthesia on the incidence of perioperative hypotension and haemodynamic stability. Prior to induction of anaesthesia, Lactated Ringer's solution (8-10 ml/kg) was administered. In the Sitting Group, intrathecal anaesthesia was performed with the patient in the sitting position. In the Lateral Group, patients assumed the lateral decubitus position. In all cases hyperbaric bupivacaine (10 mg) was administered using a 25 gauge Quincke spinal needle. Patients were placed in the supine (and thereafter lithotomy) position immediately after withdrawing the spinal needle. Incremental doses of ephedrine (5 mg, IV) were administered in response to hypotension (>20 % of baseline), nausea, vomiting, sweating, skin pallor or impaired consciousness. The mean arterial blood pressure, heart rate and the number of hypotensive episodes requiring ephedrine administration were unaffected by group affiliation. In the Sitting Group, nine patients received 24 doses of ephedrine 5 mg IV. In the Lateral Group, 21 incremental doses of ephedrine were administered to nine patients. The incidence of nausea, vomiting, sweating and pallor were similar between the groups. Patient comfort was similar.
Spinal anaesthesia is often considered the "anaesthetic of choice" in the elderly patient undergoing lower abdominal and limb surgery. However, this practice is time-consuming, not always successful, and may be associated with unwanted side-effects [1] [2] [3] [4] [5] . Furthermore, due to degenerative anatomical changes (vertebral collapse, osteophytes, calcified ligamentum flavum) associated with the normal aging process, administering intrathecal anaesthesia to the elderly patient may be technically difficult and a cause of patient discomfort. Spinal anaesthesia may therefore be induced with the patient in the lateral (fetal) or sitting position. While the lateral decubitus position is often preferred, lying in this position may be difficult and consequently stressful to the elderly patient 5 . By contrast, the sitting position may be easier and less stressful. However, since spinal anaesthesia induces a medical sympathectomy, it is possible that the sitting position could enhance gravityinduced peripheral blood pooling and consequently increase the incidence of perioperative hypotension. While patient position during the induction of spinal anaesthesia is dependent upon the personal opinion of the treating anaesthetist, the influence of this position on the incidence of perioperative hypotension has not been investigated. Furthermore, patient preference for a particular position is unknown. Therefore, this study was performed to assess the effect of patient position on the incidence of perioperative hypotension and ephedrine requirements. In addition, the influence of patient position on the ease of performing spinal anaesthesia as well as subjective patient preference for the lateral decubitus or sitting position were evaluated.
MATERIALS AND METHOD
Ninety elderly patients (>65 years) were enrolled into this institutional review board-approved, randomized, prospective, open-label study. In all cases, written informed consent was obtained prior to beginning the study. Only patients weighing 65 kg to 75 kg and those whose height was 160 cm to 175 cm were included in the study. Patients with a history of clinically significant cardiovascular, pulmonary, hepatic, renal, neurologic, psychiatric or metabolic disease were excluded from the study. In all cases anaesthesia was performed by the same highly experienced anaesthetist. No pre-anaesthetic medication was administered.
Upon arrival in the operating room holding area, Lactated Ringer's solution (8 to 10 ml/kg) was administered intravenously, over a period of approximately 45 minutes. Following transfer to the operating room, monitoring equipment was applied and the following parameters recorded throughout the operation; non-invasive blood pressure (NIBP), electrocardiogram (ECG) and arterial haemoglobin oxygen saturation (SpO 2 ). In all cases supplemental oxygen was delivered via a tight fitting facemask.
Using a computer-generated randomization table, patients were assigned to one of two treatment groups. In the Sitting Group spinal anaesthesia was performed with the patient in the sitting position. In the Lateral Group, spinal anaesthesia was performed with the patient in the lateral decubitus position. Spinal anaesthesia was performed via a midline approach. In all cases, using a 25 gauge Quincke spinal needle, 2 ml (10 mg) hyperbaric bupivacaine (Marcaine® Spinal 0.5% Heavy, Astra, Sweden) was administered over a 10 second period. The Quincke needle was placed such that the bevel was orientated cephalad. Patients were placed in the supine (and thereafter lithotomy) position immediately (within approximately 120 seconds) after withdrawing the spinal needle. Ten minutes after intrathecal injection, loss of pinprick sensation was used to assess local anaesthetic-induced sensory deficit. The height of the sensory deficit was determined by repeatedly moving a 21 gauge needle up and down the right and left mid-clavicular line.
After induction of anaesthesia but prior to the onset of surgery, using a three-point scale (not comfortable, moderately comfortable, very comfortable) patients recorded their subjective satisfaction with the induction experience.
Induction time was recorded from the time the anaesthetist began scrubbing the patient's back until the local anaesthetic mixture had been completely injected. The number of attempts (needle advances) and failed dural punctures (absence of cerebrospinal fluid following removal of the introducer) were also noted.
Haemodynamic and anaesthetic variables were recorded before anaesthetic drug administration (baseline) and at one-to three-minute intervals from induction of anaesthesia until the end of the surgical procedure. Cardiovascular side-effects requiring treatment included: nausea, vomiting, sweating, skin pallor or impaired consciousness, a decrease in mean arterial blood pressure >20% of baseline preoperative levels and a decrease in heart rate below 45 bpm in the presence of a decrease in mean arterial blood pressure >20% of baseline preoperative levels. In each case incremental dosages of ephedrine (5 mg IV) were administered. In the event of nausea, vomiting, pallor or impaired consciousness, blood pressure was immediately measured again.
On the first postoperative day patients were asked to rank their anaesthetic experience as either excellent, good, poor, or unacceptable. In addition, at this time and daily until hospital discharge, the incidence of post-dural puncture headache was recorded.
Assuming a 33% difference in ephedrine requirements to be clinically significant, power analysis revealed that a sample size of 90 was required for this study to be associated with 80% power (α=0.05) 6 .
Data are expressed as mean values ±SD or SEM. In all cases normality was assessed with the Kolmogorov-Smirnov test (using the Lilliefors' modification). Depending upon the results of the Kolmogorov-Smirnov analysis, either parametric or non-parametric analysis was performed. Demographic and anaesthetic data were analyzed and compared using Student's t test, Fisher's exact test or χ 2 test. Intervertebral space, number of punctures, level of neuraxial blockade, patient comfort and assessment of anaesthetic experience were compared using the χ 2 test. Dosage and timing of ephedrine administration were analyzed using the Kruskal-Wallis test. Blood pressure and heart rate were compared using repeated analysis of variance (ANOVA). The Bonferroni correction was used for comparison between groups and multiple comparisons over time. In all cases P<0.05 was considered to be statistically significant.
RESULTS
The two groups were comparable with respect to age, weight, height, sex, ASA physical status and surgical procedure ( Table 1 ). The mean age (range) was 75 y (65 to 91) and 72 y (65 to 91) for the Sitting and Lateral Groups, respectively. Two patients in the Lateral Group had undergone previous spinal surgery.
The time required for induction of spinal anaesthesia was 9.1 min±4.3 and 9.3 min±3.4 for the Sitting and Lateral Groups, respectively. The intervertebral space at which spinal anaesthesia was induced and the number of attempts to successfully enter the subarachnoid space were comparable between the groups ( Table 2 ). Spinal anaesthesia was successfully performed on the first attempt in 73% and 75% of patients in the Sitting and Lateral Groups respectively ( Table 2 ). There was no correlation between previous back surgery and the number of attempts to successfully perform spinal anaesthesia. In both study groups the mean (range) sensory blockade 10 minutes post injection was T10 (T4 to T12) ( Table 2) .
Throughout the perioperative period, mean arterial blood pressure and heart rate were unaffected by group affiliation (Figures 1 and 2) . No statistically significant difference in the number of hypotensive episodes requiring ephedrine administration was noted. In the Sitting Group, nine patients received a total of 24 doses of ephedrine 5 mg IV. In the Lateral Group, a total of 21 incremental doses of ephedrine were administered to nine patients. The incidence of hypotension-associated nausea, vomiting, sweating and pallor were similar between the groups (Table 3 ). Among the patients who received ephedrine, the mean number of 5 mg doses administered was 2.7±0.5 and 2.3±0.4 for the Sitting and Lateral Groups, respectively ( Table 3 ). The time interval between induction of intrathecal anaesthesia and time to first ephedrine administration was similar among the Sitting (25 min±13) and Lateral Groups (25 min±11). There was no correlation between the level of neuraxial blockade and ephedrine administration ( Table 3) .
Patient comfort during induction of spinal anaesthesia was similar between the groups. Three patients in the Sitting Group and five patients in the Lateral Group described their induction experience as "not comfortable". Two or more attempts were required to successfully enter the subarachnoid space in 12 and 11 patients in the Sitting and Lateral Groups, Values are mean (range)±SD or numbers. Values are mean±SD or number of patients. T4  2  20  T4  3  42  T6  1  20  T4  1  23  T9  4  25  N  T9  2  30  T9  5  38  T10  2  13  T10  5  52  T10  1  30  N  T10  2  23 N & S  T10  4  19  T10  2  16  T10  2  36  T10  2  10  T10  2  9  T12  1  18  T10  4  19 Mean 2.7±0.5 25±13 Mean 2.3±0.4 25±11
Values represent level of sensory block at 10 min, number of 5 mg bolus ephedrine doses and time to first administration after local anesthetic injection. N=Nausea, S=Sweating 
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respectively. The anaesthetic experience was described as good or excellent in 43 and 44 patients in the Sitting and Lateral Groups respectively. In no case was the anaesthetic experience described as "unacceptable" (Table 4 ). Two patients in the Sitting Group and one patient in the Lateral Group experienced postdural puncture headache. However, in all cases, the symptoms resolved spontaneously following conservative management.
DISCUSSION
As a result of physiological changes in organ function, elderly patients are particularly vulnerable to cardiovascular decompensation following rapid fluid shifts, haemodilution and haemodynamic instability. Therefore, when providing anaesthesia to the elderly patient, it is important to consider the dynamic interaction between the anaesthetic regimen and agerelated changes in organ function. Since spinal anaesthesia induces a medical sympathectomy, peripheral blood pooling and consequent hypotension 7 , techniques designed to decrease the incidence of spinal anaesthesia-induced hypotension have been sought [8] [9] [10] . However, the influence of patient position during induction of intrathecal anaesthesia on perioperative cardiovascular stability and patient comfort are unknown.
This prospective, randomized, open-label study demonstrates that the incidence of haemodynamic instability and patient comfort are not dependant upon the position of the elderly patient during induction of spinal anaesthesia. This observation is supported by the fact that, throughout the perioperative period, mean arterial blood pressure and heart rate were similar between the groups. Furthermore, the incidence of hypotension (decrease in MAP >20% of baseline preoperative levels), hypotension-related clinical symptoms and signs (nausea, vomiting, sweating) and ephedrine administration were unaffected by the randomization schedule. In addition, induction time and the number of attempts required to successfully enter the subarachnoid space were similar in the sitting and lateral positions. Finally, subjective patient assessment of the induction process and anaesthetic experience were comparable between the groups.
It is interesting to note that 10 minutes after bupivacaine administration there was no correlation between level of neuraxial blockade and the incidence of hypotension. Furthermore, among the subset of hypotensive patients, the time interval from induction of anaesthesia until ephedrine administration was variable ( Table 3 ). The aetiology of these findings is likely multifactorial. First, since we measured the level of neuraxial blockade 10 minutes after intrathecal injection it is possible that local anaesthetic spread (and consequent peripheral vasodilatation) continued during the surgical procedure. However, the presence of surgical drapes made repeated sensory measurements impossible. Second, following spinal anaesthesia, local anaesthetic-induced sympathectomy typically extends two to six dermatomes above the clinically determined sensory level. Third, despite our attempt to compensate for the spinal anaesthesia-induced central filling deficit, our prehydration protocol was not patient specific. As a result, the sensitive balance between intravascular volume and vascular tone was not maintained throughout the perioperative period. While measuring central venous or pulmonary capillary wedge pressure may reduce the incidence of unwanted hypotension, these techniques are seldom justified for short transurethral procedures. Fourth, patients were placed in the lithotomy position immediately (within approximately 120 seconds) after intrathecal injection of hyperbaric bupivacaine. Therefore, we postulate that postural drainage of blood from the lower limbs decreased the central volume deficit and consequently improved venous return.
In our study, as in previous investigations 9, 11, 12 , following induction of intrathecal anaesthesia, a decrease in mean arterial blood pressure occurred in the majority of patients studied. This steady, continuous decline occurred until approximately 20 minutes after local anaesthetic administration. However, clinically significant hypotension (>20% of baseline) requiring pharmacological intervention was both random and unpredictable. This is further complicated by the fact that no prophylactic regimen has been shown to be effective in preventing cardiovascular instability. When prophylactic prehydration 381 
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Anaesthesia and Intensive Care, Vol. 29, No. 4, August 2001 with colloids or crystalloids was compared to no prehydration in elderly patients undergoing spinal anaesthesia, no greater degree of hypotension or vasoconstrictor requirement was found between the groups 9 . Similarly, when normal saline (16 ml/kg) plus ephedrine (0.1 mg/kg IV) was compared to normal saline (16 mg/kg) plus depot ephedrine (0.5 mg/kg IM) or a combination of Haemaccel (8 mg/kg) and metaraminol infusion, no difference in the incidence of hypotension was found. However, in this study, depot ephedrine and metaraminol infusion were associated with increased heart rate and overcorrection of systolic blood pressure, respectively 12 .
Since the incidence of hypotension is not influenced by patient position, prehydration or fluidvasoconstrictor combinations, there appears to be no reliable predictor of spinal anaesthesia-induced hypotension. Thus, when administering central neural blockade to the elderly patient, vigilant monitoring is essential for the early diagnosis and rapid correction of cardiovascular instability. During the induction period, patient comfort was similar between the groups. In addition, satisfaction with the anaesthetic experience was either good or excellent in 95% and 98% of patients in the Sitting and Lateral Groups respectively. We postulate that these findings may be due to the fact that, in all cases, the same highly experienced anaesthetist performed the dural puncture. As a result, the number of attempts required to successfully enter the subarachnoid space was low and induction time was short. However, it should be remembered that technical competence influences the anaesthetist's personal preference regarding patient position during the induction period. Since neither the subjective assessment of patient comfort nor objective indicators of cardiovascular stability were influenced by patient position, the results of our study support the conclusion that in elderly patients the induction position may be determined by the anaesthetist's personal preference.
This study may be criticized because blood pressure was measured using a non-invasive technique. However, in routine clinical practice, invasive monitoring cannot be justified for short transurethral surgical procedures. Furthermore, in previous studies it has been demonstrated that noninvasive blood pressure monitoring is both accurate and reliable 11, 13 . Despite these studies we expanded our definition of hypotension to include nausea, vomiting, sweating and pallor. Since these clinical signs of decreased cerebral perfusion pressure are early and sensitive indicators of hypotension, we suggest that our results are a true reflection of the actual incidence of perioperative hypotension.
We conclude that when administering hyperbaric bupivacaine for induction of intrathecal anaesthesia in the elderly patient, the sitting and lateral positions are associated with a similar incidence of hypotension and hypotension-associated clinical signs. Furthermore, the sitting or lateral positions do not affect patient perception of the induction process or anaesthetic experience.
